Introduction
Pesticides are widely used in agricultural as well as industrial and home applications to control pests. According to a status list of all active pesticides available in the European Union (EU) markets, more than 1100 are currently registered. The amount of available pesticides, as hazardous chemicals, should be considered with great concern for humans. Many pesticides are harmful to the environment, and are known, or suspected to be toxic to humans. These hazardous chemicals can enter the human body through the food chain and water cycle. Pesticides, including organchlorine (OC) and organophophorous (OP) ones are well-known environmental contaminants. Organochlorine pesticides (OCP) are one of the most persistent organic pollutants present in the environment. The toxicity of these compounds cause risks to the human health and the environment. 1, 2 Therefore, the determination of pesticides in water and soil is important for human health and to control environmental pollutions. It is noteworthy that according to a national standard of Iran (ISIRI 1053), it is essential to monitor residual pesticides, that include some organochlorine such as selected pesticides in water resources.
Nowadays, the contamination of water resources by pesticide residues is one of the most important environmental problems.
Thus, the determination and monitoring of trace levels of these hazardous compounds in environmental samples are essential. Since the concentration of these compounds is very low in most matrices, sample pretreatment and preconcentration steps are usually necessary in order to extract, isolate, and concentrate any understudied analytes prior to their instrumental analysis and determination. Several methods have been used for the determination of pesticides. The determination of most OCPs is performed by gas chromatography methods with various detectors such as flame ionization detector, 3 electron-capture detector [4] [5] [6] and mass selective detector. 7, 8 Mass spectrometry is used for determining of multi-class pesticides due to their high selectivity and sensitivity, especially in the selected ion monitoring (SIM) mode. 9 According to European directive on water quality, the maximum concentration of each individual pesticide is 0.1 μg L -1 . Also, due to low concentrations of these pesticides, for their determination in water samples, a sample pretreatment and preconcentration procedure is performed prior to gaschromatography analysis. 10 Their sample preparation techniques include liquid-liquid extraction (LLE), solid-phase extraction (SPE), and solid-phase microextraction (SPME), serving as common preconcentration methods. In the LLE method, a very large volume of an organic solvent is consumed and it is difficult to obtain a good recovery for polar compounds. The SPE method gives high recovery, but it is time-consuming and takes place in more steps. 11 Finally, in the SPE technique, a relatively large amount of a sorbent (50 -2000 mg) is used. The SPME † To whom correspondence should be addressed. A rapid, simple, and sensitive technique is proposed based on a miniaturized solid-phase extraction method named mictroextraction in a packed syringe coupled with gas chromatography-mass spectrometry for the preconcentration and determination of three organochlorine pesticides. These include hexachlorobenzene, heptachlor and aldrine in aqueous samples. For the first time, the natural nano diatomite is used a sorbent. Based on this technique, 6.0 mg of the nano sorbent is inserted in a syringe between two polypropylene frits. The analytes would be adsorbed on the solid phase, and would subsequently be eluted using organic solvents. The influence of some important parameters, such as the solution pH, type and volume of the organic desorption solvent, and amount of sorbent on the extraction efficiency of the selected pesticides, is investigated. The proposed method shows good linearity in the range of 0.1 -40.0 μg L -1 , and at low limits of detection in the range of 0.02 -0.13 μg L -1 using the selected ion-monitoring mode. The reproducibility of this method was found to be in the range of 3.5 -11.1% for the understudied pesticides. In order to evaluate the matrix effect, the developed method is also applied to the preconcentration and determination of the selected pesticides in different water samples. method is a solvent-free preconcentration technique, which is suitable for environmental analysis, but the recovery and sensitivity of this technique are very low.
Nowadays, miniaturized solid-phase extraction (μ-SPE) is used for pretreating and preconcentrating of samples for extraction from aqueous samples. Microextraction in a packed syringe (MEPS) is a rather new technique used for the extraction and preconcentration of trace amounts of analytes into a solid support sorbent packed inside two frits in a syringe or microsyringe. [12] [13] [14] In this technique, sample preparation takes place on a packed bed of the sorbent. The sorbent is inserted in the barrel of a 1-mL insulin syringe as a plug with two polyethylene filters on both sides. The microextraction process is done by drawing the sample through the syringe manually many times, and the analyte is adsorbed on the sorbent bed, and is thus separated from the sample matrix. The sorbent is then washed by distilled water to remove any interfering species. The adsorbed analyte is subsequently eluted by a suitable organic solvent, such as dichloromethane (DCM), n-hexane, and methanol. 15, 16 In this technique, the amount of sorbent, volume of the sample solution, the volume of the desorption solvent are miniaturized. MEPS differs from commercial solid-phase extraction in that a little amount of the sorbent is used in the syringe, and thus it allows sparing the reagent and the high-cost sorbent. In addition, MEPS is a simple, fast, and solvent-free method, It has the same efficiency and recovery in comparison with SPE. The sorbent used in MEPS could be used for many extractions (more than 100 ones) without any loss of extraction capacity and efficiency. In this technique, the same sorbent is used as the conventional SPE, and it is suitable for use with most existing methods to reduce the amount of reagent and sample volume. Unlike the conventional SPE method, the MEPS sorbent bed is integrated into a liquid handling syringe, such as a 250-μL HPLC or a 1-mL glassy insulin syringe; it is applicable to a low amount of sorbent and the sample volume either manually or by an auto-sampler.
In MEPS, like SPE, any sorbent material can be used or packed in the syringe for the preconcentration and selective separation of the target compounds from the matrix. Many materials, such as silica-based (C2, C8, C18) sorbents, [13] [14] [15] strong cation exchanger, 14 carboxyl purified multi-walled carbon nanotubes, 17 and polystyrene, 18, 19 are used as the sorbent in MEPS. Begheri et al. have applied a polyaniline nanowire network, 20 and a polydiphenylamine nanocomposite, 21 as the sorbent in a packed syringe for the preconcentration and extraction of OPPs. Carbon nanotubes (CNTs) are rather novel and interesting nanomaterials. They have led to a variety of applications in analytical science, especially as the sorbent, in the determination of many organic and inorganic compounds and pesticides by the SPE method. [22] [23] [24] Among natural materials, diatomite is used as sorbent for many applications. Diatomite is a soft and light-colored sedimentary rock formed by the accumulation of siliceous crust of diatoms. 25 There is a particular interest in this material due to its unique physical and chemical characteristics, such as a porous structure, high permeability, low density, high surface area, and chemical inertness. 26 This natural diatomite (SiO2· nH2O), which is an aquatic organism from fossilized remnants of diatoms, the tiny planktonic algae residing in the earth's waters, is widely used in many industrial fields, such as adsorption, filtering and water purification, 27 removal of heavy metals, 28 wastewater treatment agents, 29 and removal of chlorinated contaminant as simazine by diatomite modified zero-valent iron composite materials. 30 In this work, for the first time, natural nano diatomite was applied as a nano sorbent in the MEPS technique coupled with gas chromatography-mass spectrometry (MEPS-GC-MS) for the preconcentration and determination of the three OCPs, which include hexachlorobenze, hepatachlor, and aldrine, in their aqueous solutions at trace levels.
Experimental

Reagent and solutions
All chemicals used were of analytical grade. Standard solutions of aldrine (100 ng μL -1 in methanol), heptachlor (100 μg mL -1 in methanol), hexachlorobenzene (HCB) with 99% purity, trifluralin, as the internal standard (100 μg mL -1 in acetonitrile), and dichloromethane (DCM) with 99.8% purity, as the solvent were supplied from Sigma-Aldrich. Stock solutions of the three selected pesticides were prepared in methanol with a concentration of 10 μg mL -1 . Methanol and acetone (both of gas chromatography grade), acetonitrile (of 99.5% purity), n-hexane (of 95% purity), and methyl isobutyl ketone (MIBK) (of 99.5% purity), all as organic solvents, were purchased from Merck (Darmstadt, Germany). Hydrochloric acid and sodium hydroxide were used for pH adjustment. Potassium dihydrogen phosphate was supplied from Merck (Darmstadt, Germany). In this research the natural sorbent sample was obtained from internal sources, Zanjan mine at North West of Iran. Nano diatomite was used as the solidphase sorbent in the MEPS procedure. As is evident in the SEM image (Fig. 1A) , the diatomite nanoparticles are spherical in shape with an average diameter of less than 655 nm. Based on the TEM image (Fig. 1B) , these particles have a small size in the sorbent tissue. Also, the diatomite nanoparticles have uniform structures (clear in the AFM image in Fig. 1C ). Working standard solutions were prepared by diluting appropriate amounts of the stock solutions in doubly distilled water. The stock and working standard solutions were stored at 4 C.
Instrumentation
The analysis and determination of understudied pesticides were performed using a 6890N Agilent gas chromatography instrument system coupled with a split-splitless inlet and a 5975B mass selective detector (MSD) from Agilent Technology, USA. Separation of the pesticides was performed using a capillary column, HP-5ms (5% phenyl methy siloxane 30 m × 250 μm i.d. with a 0.25-μm film thickness), from Agilent Technology. Agilent MSD productivity chemstation software was used for instrumentation control and data acquisition.
The gas chromatography (GC) was operated in the splitless mode, and the split valve was closed for 1 min. The GC column temperature program used was as follows: the initial oven temperature was held at 100 C for 3 min, then ramped to 181 C at a rate of 25 C min -1 (held for 3 min), then increased to 196 C at 6 C min -1 (held for 3 min), and finally, enhanced to 285 C. The total chromatographic time of each run was 21.5 min. The injector temperature was held at 260 C, 1 μL of the sample prepared was injected into the inlet system of GC. Helium (99.999%) was used as the carrier gas at a constant flow rate of 1.1 mL min -1 . The separator type of the mass detector was a quadrupole mass spectrometer. The quadrupole and the ion source temperatures were set at 150 and 230 C, respectively. The temperature of the GC-MS interface was held at 285 C, and MSD was operated in the electron ionization mode (70 eV). A full scan (50 -450 m/z) was selected for optimizing and identifying compounds in the samples.
Calibration and quantification were performed by in the selected ion-monitoring (SIM) mode. The compounds were identified using a pesticide mass spectral library. Table 1 gives the OCP lists, retention times, and quantification and confirmation of the ions for each of the OCPs.
Preparation of MEPS (μ-SPE) device
In order to prepare the MEPS (μ-SPE) device, a 1-mL glassy insulin injection syringe was used. Nano diatomite (2.0 -6.0 mg) was manually inserted inside the syringe as the solid-phase sorbent plug between the two polyethylene frits (SPE frits of 20-μm pore size). The sorbent plug was fixed tightly in the syringe to avoid dispersing the sorbent outside the syringe or leaching to the sample solutions (Fig. 2) .
MEPS procedure
In order to use the prepared MEPS device for the first time, the applied sorbent was conditioned by rinsing it with 2.0 mL of methanol/acetone (1:1) and then washing with 2.0 mL of deionized water prior to use for extraction (2 -3 times). The conditioning procedure was done using the syringe by rinsing and washing the sorbent material. The sampling procedure was then followed by slowly taking 10.0 mL of the spiked buffered sample through the sorbent several times manually. The speed of this sampling step was set to the optimum (150 μL s -1 ) to decrease the extraction time and to obtain high performance. The sorbent, as a solid phase, was then washed once by 1.0 mL of deionized water to remove any unwanted interference. After performing extraction, the syringe and its solid-phase sorbent were dried under a nitrogen gas for 15 s, the analytes were desorbed with 100.0 μL of an eluent solvent, and the eluted analytes were kept in a glass vial. Finally, 1 μL of this solution was injected into the GC injection port for the separation and analysis of the studied OCPs.
Results and Discussion
Effect of the pH
The pH value for the sample solution is one of the most important factors affecting the efficiency and extraction recovery of the microextraction technique. To study the effect of this factor on the efficiency of extracting the selected OCPs from water, the pH range of 4.0 -9.0 was evaluated for sample solutions. For adjusting the pH values for the solutions, standard solutions with a concentration of 5.0 μg L -1 for each compound were prepared and diluted with a 0.01 M buffer solution. The effect of the pH on the OCP microextraction efficiencies is displayed in Fig. 3 . As shown, the extraction efficiency for most compounds was enhanced by increasing the pH value for the sample solution to 6. According to the obtained results, the maximum analytical response was obtained to be at pH 6.0 for most compounds. Thus, pH 6.0 was selected for the next steps. At the optimum pH value, the buffer type, including phosphate, acetate, and citrate, was studied. Among these buffers, the phosphate and acetate ones showed similar efficiencies and were better than the others.
Effect of the type and volume of the desorption solvent
In order to study desorption of extracted pesticides from the surface of the nano diatomite solid sorbent in the syringe, different organic solvents, including n-hexane, methanol, ACN, MIBK, and DCM were tested. To reach a high preconcentration factor, the minimum volume of the desorption solvent was used. The effects of different solvents on the desorption of the analytes are shown in Fig. 4 . It is clear that DCM had the best performance for desorption and elution of selected compounds from the applied sorbent, and so this solvent was chosen as the appropriate desorption solvent in this work. Another important parameter affecting the extraction efficiency is the volume of DCM, as the desorption solvent. The effects of different volumes of this solvent (50 -250 μL) on the DCM efficiency were thus investigated. According to the obtained results, 100 μL of DCM was chosen as the optimum volume for the desorption solvent.
Effect of the amount of nano diatomite
The effect of the amount of packed sorbent in the syringe was investigated in the range of 2.0 -10.0 mg. With a lower amount of mixed sorbent, the efficiency of MEPS was low. The reason for this is that the adsorption and retention capacity of the sorbent are insufficient. On the other hand, with a high amount of the sorbent, there was a back-pressure in the syringe, and thus the MEPS efficiency of OCPs decreased. Therefore, 6.0 mg was chosen as the optimum amount of nano diatomite for the next experiments.
Salt addition effect
Generally, sodium chloride is added as a salt to an aqueous sample to increase the ionic strength and enhance the efficiency of the extracting organic compounds from aqueous solutions. Usually incresing the ionic strength causes a minimization of the solubility of the analytes in the aqueous phase. However, this effect depends on the studied analytes. In this work, the effect of NaCl on the extraction efficiency was studied by adding salt in the concentration range of 0.0 -15.0% (w/v) to the sample solutions. The obtained results showed that salt addition not only affected the extraction performance, but also caused a decrease in the extraction efficiency for all OCPs, especially for HCB (as shown in Fig. 5 ).
Draw-eject cycle investigation
In this work, the sample was recycled through the sorbent inserted inside the syringe, and then ejected to the sample vial for once or many times. The effect of the draw-eject cycles on the extraction performance was investigated for 5 -30 cycles in 10.0 mL of a sample solution. According to the obtained results, the optimum draw-eject cycles for the extraction of all analytes was at 20 draw-eject cycles (Fig. 6) .
Sample volume effect
In order to investigation of the sample volume effect on the extraction performance, we evaluated the effect of the sample volume in range of 3 -15 mL of each sample in two states: (a) constant concentration of each compound (5 μg L -1 ) and (b) constant OCPs amount (0.05 micrograms of each compound in sample). As shown in Fig. 7 , the optimum sample volume was determined to be 10 mL.
Analytical performance of the method
In order to evaluate the performance and potential of any applicability of the proposed MEPS method to the GC-MS analysis of water samples, the characteristics of the analytical performance including the linear dynamic ranges (LDRs), limits of detection (LODs), precision, and accuracy, were evaluated under the optimized conditions. Based on the developed MEPS method, 20 draw-eject cycles in the same vial, with a sample pH value of 6.0, 6.0 mg of mixed nano diatomite, and DCM (as the desorption solvent) with a volume of 100 μL were chosen as the optimum experimental conditions. The obtained calibration plots were linear over the range of 0.1 -40.0 μgL -1 with correlation coefficients between 0.996 and 0.998 for the studied OCPs. LODs for the OCPs were obtained to be in the range of 0.02 -0.1 μg L -1 . The LOD and LDR results obtained for OCPs are given in Table 2 . Under the optimized conditions, the results obtained showed good repeatability for the MEPS method, and the relative standard deviations (RSDs) and relative recovery were calculated to be in the range of 3.5 -7.1% for five replicates.
Analysis of the real sample
To evaluate the matrix effect and applicability of the developed method, a laboratory tap water sample and a Caspian Sea sample were collected as real samples for analyzing of the studied OCPs. These samples were analyzed under the optimized conditions, and no target pesticides were significantly detected in them. Then, analyses of the spiked samples were done at 2.0, 5.0, and 10.0 μg L -1 for recovery calculations. The obtained results indicated that the MEPS method had good relative recoveries for the OCPs under astudy ranging from 84 to 110% (Table 3 ). Figure 8 shows typical MEPS-GC-MS chromatograms obtained after extraction of non-spiked and 5.0 μg L -1 of the OCP-spiked real samples. In order to emphasize the applicability of the proposed method, a comparison was made between the characteristic parameters of the present method and those reported in the literature, the obtained results are tabulated in Table 4 . 17, 31, 32 The characteristic parameters involved in this method proved to be similar to or better than those of the other methods. As demonstrated in our method validation for linearity, LOD, RSD, and recovery, the developed method was sensitive and reproducible over the established calibration ranges compared with the previously reported methods.
Conclusions
In this work, we developed and optimized a simple, fast, and low-cost method to determine three organochlorine pesticides. Application of the natural nano diatomite as the sorbent in microextraction in packed syringe (MEPS), named as μ-SPE, coupled with the gas chromatography-mass spectrometry (GC-MS) analytical technique was employed for the preconcentration and determination of these OCPs. The obtained results indicated that the sorbent applied in the MPES method had good efficiency for the adsorption and extraction of OCPs because of their high surface area and high loading capacity for the adsorption of analytes. The analytical performance parameters, including the LODs, accuracy, precision, and recovery, were good for the proposed MEPS method. As demonstrated in our method validation for the analytical items, the developed method was sensitive and reproducible over the established calibration ranges compared with the previously reported methods. In the other words, the advantages of this method compare with other similar works are: the LOD of method is same or better than others, Also, compared with most other methods ( Table 4) . The LDRs and relative recoveries of our work are better. As shown in the sections "Analytical performance of the method" and "Analysis of real samples", the matrix had no significant effect on the analytical results. 
